I briefly review the source of the so-called intrinsic ambiguity and show how the combination of "golden" and "silver" channel at the Neutrino Factory can solve the problem, in the absence of other sources of degeneracies. I then relaxed the hypothesis θ 23 = 45 • and show how the different dependence of the two channels on θ 23 can help in solving the intrinsic and θ 23 -octant ambiguity at the same time.
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The most sensitive method to study leptonic CP violation 1 is the measure of the transition probability ν e (ν e ) → ν µ (ν µ ). In the framework of a Neutrino Factory-based beam 2 this is called the "golden channel": being an energetic electron neutrino beam produced with no contamination from muon neutrinos with the same helicity (only muon neutrinos of opposite helicity are present in the beam), the transition of interest can be easily measured by searching for wrong-sign muons, i.e. muons with charge opposite to that of the muons in the storage ring, provided the considered detector has a good muon charge identification capability. The transition probability ν e → ν τ is also extremely sensitive 3 to the leptonic CP-violating phase δ. We can indeed look for muonic decay of wrong-sign τ 's (the so-called "silver channel", due to its lesser statistical significance with respect to the "golden channel") in combination with wrong-sign muons from ν e → ν µ to improve our measurement.
The transition probability (at second order in perturbation theory in
and
where ± refers to neutrinos and antineutrinos, respectively. The parametersθ 13 andδ are the physical parameters that must be reconstructed by fitting the experimental data with the theoretical formula for oscillations in matter. The coefficients of the two equations are: eV 2 /GeV (a good approximation L < 4000 Km). We have not included errors on these parameters since the inclusion of their uncertainties does not modify the results for θ 13 and δ significantly 4 . Eqs. (1) and (2) lead to two equiprobability curves in the (θ 13 , δ) plane for neutrinos and antineutrinos of a given energy:
Notice that X τ ± and Z τ differ from the corresponding coefficients for the ν e → ν µ transition for the cos θ 23 ↔ sin θ 23 exchange, only (and thus for θ 23 = 45
• we have X = X τ , Z = Z τ ). The Y ± term is identical for the two channels, but it appears with an opposite sign. This sign difference in the Y -term is crucial, as it determines a different shape in the (θ 13 , δ) plane for the two sets of equiprobability curves. In Fig. 1 equiprobability curves for the ν e → ν µ , ν τ oscillations at a fixed distance, L = 732 Km, with input parametersθ 13 = 5
• andδ = 60
• and different values of the energy, E ν ∈ [5, 50] GeV, have been superimposed. The effect of the different sign in front of the Y -term in eqs. (1) and (2) can be seen in the opposite shape in the (θ 13 , δ) plane of the ν e → ν τ curves with respect to the ν e → ν µ ones. Notice that both families of curves meet in the "physical" point, θ 13 =θ 13 , δ =δ, and any given couple of curves belonging to the same family intersect in a second point that lies in a restricted area of the (∆θ, δ) plane, the specific location of this region depending on the input parameters (θ 13 ,δ) and on the neutrino energy. Using a single set of experimental data (e.g. the "golden" muons), a χ 2 analysis will therefore identify two allowed regions: the "physical" one (i.e. around the physical value,θ 13 ,δ) and a "clone" solution, spanning all the area where a second intersection between any two curves occurs. This is the source of the so-called intrinsic ambiguity 4 . When considering at the same time experimental data coming from both the "golden" and the "silver" channels, however, a comprehensive χ 2 analysis of the data would result in the low-χ 2 region around the physical pair, only 3 , since "clone" regions for each set of data lie well apart.
This statement is only true if the statistical significance of both sets of experimental data is sufficiently high. The golden channel has been 10 to substantiate the results on the impact of the silver muons when combined with golden muons 3 based on the OPERA proposal. In Fig. 2 we present equiprobability curves and the outcome of the fit when only golden muons (above) or both golden and silver muons (below) are considered, for input parametersθ 13 = 1
. Equiprobability curves for neutrinos and antineutrinos (left) and the corresponding outcome of a fit (right) for golden channel only (above) and including both the golden and the silver channel (below). The input parameters areθ
• ;δ = 90
• . The golden muon signal is measured at a 40 Kton MID, with realistic efficiency and background 1 ; the silver muon signal is measured at an ideal 2 Kton ECC with spectrometers following the OPERA proposal 9 . These results do not change when including efficiency and backgrounds if considering a doubled-size ECC of 4 Kton. Notice that the scanning power needed to take full advantage of a 4 Kton detector is considered to be easily under control by the time of the Neutrino Factory 10 . In order to study the effect of the θ 23 -octant ambiguity, we now relax the hypothesis on the value of θ 23 = 45
• (for which no ambiguity was present). It is possible to compute the analytical location of the clones by solving eq. (4) for θ 13 and δ as a function of the input parametersθ 13 ,δ, after convoluting over the flux and the neutrino-nucleon cross-section and integrating over the neutrino energy. In Fig. 3 we present the trajectory of the intrinsic clone region forδ = 90
• for the different channels, beams and baselines in the (∆θ, δ) plane as a function ofθ 13 ∈ [0.01
• , 10 • ] for the two cases of θ 23 = 40
• (left) and θ 23 = 50
• (right). The thick dot is the true solution, ∆θ = 0
• , δ =δ. In Fig. 3 Notice that the qualitative behaviour of golden and silver trajectories is substan-tially independent of the neutrino energy and of the considered baseline. In Fig. 3 (right, θ 23 = 50 • ) the SPL trajectory moves up and the golden and silver cluster are interchanged with respect to the previous case, due to the interchange of cos θ 23 ↔ sin θ 23 in the X and Z coefficients of eqs.
(1) and (2) .
For decreasing values ofθ 13 , the clones move away from the thick dot, the physical point. Notice that for largeθ 13 , all lines are relatively near the physical input pair: this reflects the fact that forθ 13 large enough degeneracies are not a problem 12 , being ∆θ/θ 13 always small. For small values ofθ 13 , any combination of experiments (golden and silver at the Neutrino Factory, or any of the two in combination with the SPL superbeam 13 ) would result in killing the intrinsic degeneracy, provided that statistics of the considered signals is large enough. Regarding the θ 23 -octant ambiguity it seems reasonable to expect that the combination of the golden and silver channels would help in solving the ambiguity, due to the different behaviour of the respective clones depending on the value of θ 23 . This seems indeed to be the case from a preliminar analysis of our data 14 forθ 13 ≥ 2 • , with a loss of sensitivity below this value due to the extremely poor statistics in the silver channel.
